The present study examined whether prospective memory performance discriminates healthy aging from very mild dementia of the Alzheimer type (DAT) and individuals at risk for DAT because of the presence of the apolipoprotein E (ApoE) ε4 allele. Four groups (young subjects, young-old control subjects, old-old control subjects, and subjects with very mild DAT) engaged in an event-based prospective memory task wherein they responded to a specific word embedded in a general knowledge test. Results indicated that prospective memory performance was clearly impaired in the very mild DAT group relative to the healthy older control groups. Moreover, prospective memory performance appears to capture unique variance in discriminating these 2 groups above and beyond standard retrospective memory tests. However, prospective memory was not affected by ApoE status in the young-old control group and, contrary to predictions, the ε4ϩ old-old control subjects showed better performance than did the ε4 -subjects. In contrast to the healthy individuals, in the very mild DAT group, ε4ϩ subjects showed deficits in performance relative to the ε4 -subjects. Discussion focuses on prospective memory as a cognitive indicator of early stage DAT.
In recent years, there has been great interest in the ability to diagnose dementia of the Alzheimer type (DAT) at the earliest possible stage of the disease process. This early diagnosis is critical to families and clinicians in planning the management of the disease with respect to possible drug treatment and behavioral interventions. The clinical diagnosis of early stage DAT is difficult to make and depends on the detection of subtle changes in cognitive function over time and a reliable informant who can document such changes (Carr, Gray, Baty, & Morris, 2000) . Thus, considerable research effort has gone into identifying aspects of cognition and/or cognitive tasks that discriminate healthy aging from the earliest stages of DAT and also predict the progression of the disease (Morris, 2003) .
Because the clinical detection of early onset DAT is somewhat elusive, it has been suggested that some healthy "control" samples reported in the literature may include individuals who are in the very earliest stages of Alzheimer's disease (AD) but are presently undetected because of the subtle nature of their cognitive changes. This conjecture has been supported in longitudinal studies of cognitive function and neuropathological findings in presumed healthy older adults (e.g., Morris et al., 1996; Price & Morris, 1999; Rubin et al., 1998) . For example, Morris et al. (1996) reported 7 of 21 longitudinally studied healthy older adults had high plaque densities in neocortex at autopsy consistent with AD. Retrospective analysis of these subjects' records indicated there was subtle clinical and psychometric impairment prior to death. Furthermore, in a recent study of 97 healthy control subjects, 39%-47% of these individuals received a neuropathological diagnosis of AD at autopsy (Morris et al., 2004) . Likewise, Sliwinski and colleagues (Sliwinski, Hofer, Hall, Buschke, & Lipton, 2003; Sliwinski, Lipton, Buschke, & Stewart, 1996) have argued that memory loss in the preclinical stage is apparent 5-7 years prior to the clinical diagnosis of dementia, and therefore, estimates of cognitive change in healthy aging samples may be negatively biased in cross-sectional comparisons. Thus, preclinical or very mild AD may be present in some older individuals who appear to be clinically "normal," underscoring the need to reliably identify specific cognitive changes that may serve as an early marker for DAT.
Episodic memory loss has long been considered a hallmark symptom of AD. For example, standardized neuropsychological tests of memory performance have been found to be predictive of the onset of dementia Storandt, Grant, Miller, & Morris, 2002) and to discriminate between healthy control subjects and those with mild DAT (Storandt & Hill, 1989) . Most memory tasks that are typically used for this purpose are tests that examine retrospective memory for recently presented events. Another aspect of memory that is impaired in DAT is prospective memory (Huppert, Johnson, & Nickson, 2000; Maylor, Smith, Della Sala, & Logie, 2002) . Prospective memory refers to the ability to maintain an intention across time and then perform that action at some specified time in the future and is considered to be relatively independent of retrospective memory (Salthouse, Berish, & Siedlecki, 2004) . Such a memory system has obvious practical implications especially in older adults, such as taking medications at the appropriate times during the day.
An important distinction has been made in the literature between event-based and time-based prospective memory (Einstein & McDaniel, 1990 . Event-based prospective memory involves remembering to perform an intended action when a specific event occurs (e.g., remembering to mail a letter when you pass the post office). Time-based prospective memory involves remembering to perform an intended action at a specified time (e.g., remembering to take something out of the oven in 45 min). Research indicates there are larger age-related deficits in performance on time-based prospective memory tasks relative to event-based tasks (Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995; Henry, MacLeod, Phillips, & Crawford, 2004; Park, Hertzog, Kidder, Morrell, & Mayhorn, 1997) because of the increased strategic demands in time-based tasks.
Prospective memory has also been linked to frontal lobe functioning in older adults (e.g., Burgess & Shallice, 1997; Glisky, 1996; R. L. West, 1996) . In one such study, McDaniel, Glisky, Rubin, Guynn, and Routhieaux (1999) examined four groups of older individuals who were partitioned on the basis of their performance on a set of neuropsychological tests reflecting frontal and medial-temporal function (i.e., high frontal/high medial temporal, high frontal/low medial temporal, low frontal/high medial temporal, low frontal/low medial temporal). Subjects engaged in an event-based prospective memory task with high or low salient cues. The results indicated that prospective memory performance was related to frontal functioning. That is, high frontal subjects showed better prospective memory than did low frontal subjects. However, there was no significant difference in prospective memory performance for high versus low medial-temporal subjects (although there was a trend toward better prospective memory performance for high medial-temporal subjects). The authors concluded that the specific components of prospective memory, such as maintaining the intention across time and monitoring the task situation for the relevant cue, might be mediated by frontal mechanisms. They also concluded that because there is evidence of a breakdown in frontal lobe integrity in healthy aging (see Raz et al., 1997; R. L. West, 1996) , prospective memory is likely to be affected with increasing age. In fact, recent neuroimaging evidence of these subcomponent processes appears to converge on the link between neural mechanisms mediated by the frontal lobes (Burgess, Quayle, & Frith, 2001 ) and declining prospective memory performance in older adults (R. West, 2005) .
Given that there is considerable neuropathology seen in the frontal lobes, even in the early stages of DAT (e.g., Morris et al., 1996) , it would not be surprising if there was further decline in prospective memory in early stage DAT relative to healthy aging. As noted, prospective memory deficits have indeed been reported in DAT. Using an event-based prospective memory task in a large population-based study (N ϭ 388), Huppert et al. (2000) found a high prevalence of prospective memory impairment in individuals with probable DAT (as defined by an AGECAT organicity score of O3 or above), indicating that only 8% of the DAT sample was able to successfully perform the task. Huppert and Beardsall (1993) have argued that prospective memory decline may be a good indicator of early stage DAT (however, see Maylor, 1995 , for discussion of alternative interpretations of their data). In a more recent study, Maylor et al. (2002) found that performance in both event-based and time-based prospective memory tasks was impaired in DAT patients, relative to healthy older control subjects. However, Maylor et al. also noted that the DAT patients were more impaired than control subjects on retrospective memory tasks (e.g., digit span and free recall) than they were on the prospective memory tasks; thus, prospective memory may not necessarily serve as a more sensitive marker for DAT than would retrospective memory tasks. Of course, as Maylor et al. pointed out, the DAT patients in their study were not in the very mildest stages of the disease. On average, the subjects had been attending a memory clinic for 31.5 months, with Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) scores ranging from 16 to 30 (Experiment 1, M ϭ 22.1, and Experiment 2, M ϭ 20.9). Thus, given a sample of individuals who are in the earliest clinically detectable stages of the disease process, one might still find that prospective memory performance does indeed serve as an early unique marker for the onset of DAT above and beyond standard retrospective measures.
In this light, there have been some intriguing studies that have attempted to identify early cognitive markers for AD by comparing nondemented individuals who are simply at risk for AD with nondemented individuals who are not at risk for AD, due to the apolipoprotein E (ApoE) genotype. Specifically, the presence of the ε4 allele of this gene is a well-established risk factor for AD (e.g., Blacker et al., 1997; Corder et al., 1993; Henderson et al., 1995) . However, studies comparing individuals with the ε4 allele (ε4ϩ) to those without the ε4 allele (ε4Ϫ) have produced mixed results. Several studies have failed to observe differences in standard neuropsychological tests as a function of ApoE genotype (e.g., Bondi, Salmon, Galasko, Thomas, & Thal, 1999; Kim et al., 2002; Small, Basun, & Backman, 1998; Small et al., 2000) . In contrast, other studies have reported differences in selective aspects of cognitive performance as a function of ApoE status (e.g., Caselli et al., 2004; O'Hara et al., 1998; Wilson et al., 2002) . Specifically, both middle-aged and older nondemented individuals with the ε4 allele have shown poorer memory performance or greater memory decline across time compared with individuals without the ε4 allele. Yet these groups often show no performance differences across other cognitive domains (e.g., attention, language, visual-spatial ability), as measured by standard neuropsychological tests (Caselli et al., 1999 (Caselli et al., , 2004 O'Hara et al., 1998; Wilson et al., 2002; Yaffe, Cauley, Sands, & Browner, 1997) . A recent meta-analysis by Small, Rosnick, Fratiglioni, and Backman (2004) indicated that the presence of the ε4 allele in nondemented individuals is related to subtle deficits in memory and, of interest, executive function.
It is important to note that all of the aforementioned studies have included the use of standard neuropsychological tests to assess cognition. Recent evidence utilizing more detailed experimental procedures to examine specific components of information processing has produced interesting results related to potential early cognitive markers for AD. For example, Greenwood, Sunderland, Friz, and Parasuraman (2000) compared ε2, ε3, ε4 groups of middle-aged individuals who were all in the normal range on a set of standard neuropsychological measures. They found that the ε4 individuals produced a spatial attention deficit that was consistent with those found in individuals with early stage AD. Specifically, the ε4 individuals had more difficulty disengaging attention from a cued location and also were less likely to appropriately scale attention based on a visual cue in a visual search task. In a similar vein, Rosen, Bergeson, Putman, Harwell, and Sunderland (2002) have explored the relationship between ApoE status and the central executive component of working memory. Utilizing an operation span task (Engle, Kane, & Tuholski, 1999 ) that requires subjects to divide their attention between performing math operations and remembering words, Rosen et al. (2002) found that even though the ε4ϩ and ε4Ϫ individuals did not differ on a set of standardized neuropsychological tests, the ε4ϩ group showed decreased operation spans compared with the ε4Ϫ group. More recently, Rosen et al. (2004) have reported category fluency deficits in nondemented individuals with the ε4 allele compared with individuals without the ε4 allele. Again, the ε4ϩ group exhibited normal performance on standardized neuropsychological tests. Finally, Greenwood, Lambert, Sunderland, and Parasuraman (2005) reported deficits in maintaining the location of a target in working memory over time and using information to modulate memory for spatial location in ε4ϩ individuals. It is interesting to note that there has been accumulating evidence of the importance of breakdowns in attentional systems in early stage DAT (see Balota & Faust, 2001; Perry & Hodges, 1999 , for reviews). Taken together, this research indicates that subtle aspects of attentional processing and/or working memory may be deficient in nondemented individuals with the ε4 allele and may serve as an early marker for DAT, in the absence of deficits in more global measures of cognition.
Given the potential changes in working memory in ε4ϩ individuals and the relation between prospective memory and working memory, one might predict that ApoE 4 presence would modulate prospective memory performance. In fact, Driscoll, McDaniel, and Guynn (2005) have recently explored prospective memory deficits in nondemented older adults with the ε4 allele. Driscoll et al. utilized an event-based prospective memory task, wherein subjects engaged in a word-rating task and were instructed to write down a specific response word (e.g., sauce) whenever they encountered a specific target word (e.g., spaghetti) during the word-rating task. In an attempt to differentiate the prospective versus retrospective component of the task (Guynn, McDaniel, & Einstein, 2001) , the association between the target and response word was varied (i.e., high vs. low). Driscoll et al. reasoned that the high associate condition (spaghetti-sauce) should facilitate the retrospective component of the task (i.e., recall for the response word) and thus any prospective memory deficit found in this high associate condition could be attributed to the prospective memory component of the task rather than the retrospective component. Indeed, they found a deficit in prospective memory performance in the ε4ϩ group compared with the ε4Ϫ group, in both the high and low associate conditions, supporting the notion that prospective memory performance distinguishes nondemented older adults who are at risk for DAT because of the presence of the ε4 allele from those who are ε4Ϫ.
At this point, it is important to raise the possibility that some of the samples of nondemented older adults in the aforementioned studies, such as Driscoll et al. (2005) , may have included individuals in the very earliest stages of the disease process that are difficult to detect using standard neuropsychological tests or clinical procedures. The present study relies on the Washington University Clinical Dementia Rating scale (CDR; Berg, 1988; Hughes, Berg, Danziger, Coben, & Martin, 1982; Morris, 1993) to identify individuals at the earliest detectable stages of DAT. Because of the considerable variability in performance on cognitive measures in the population, the CDR relies heavily on changes in cognition across time, as reflected in both reports by the collateral source and the individual, to diagnose the earliest stages of DAT and has been shown to be highly predictive of progression to more severe degrees of dementia.
The utility of the CDR in early diagnosis has been recently illustrated by Storandt, Grant, Miller, and Morris (in press) . In this study, the authors compared the rate of progression of individuals who initially met criteria for mild cognitive impairment (MCI; which presumes no dementia) and individuals with a CDR of 0.5 (very mild DAT) who initially did not meet criteria for MCI. It is surprising to note that the rate of decline was greater for the MCI group compared with the CDR 0.5 DAT group, with both a psychometric composite and time to reach a more advanced stage of DAT (i.e., CDR 1) as outcome measures. This study indicates that it is possible to detect very mild DAT with the CDR at an even earlier stage than what is considered to be MCI without dementia, and as Morris (2006) has recently argued, MCI most likely represents pathological AD.
1 Thus without the use of clinical procedures that represent state of the art in DAT diagnosis, it is difficult to discern if the "control" samples in the literature truly represent healthy aging (also, see Sliwinski et al., 1996 Sliwinski et al., , 2003 . In fact, when one compares the ε4ϩ versus ε4 -individuals from the Driscoll et al. (2005) study (their Table 1 ), it is apparent that the ε4ϩ group had lower Modified Mini-Mental State Examination (3MS; Teng & Chui, 1987) scores than did the ε4 -group ( p ϭ .03, one-tailed test), perhaps suggesting that this group may have included some individuals in the preclinical or earliest stages of DAT.
The purpose of the present study was twofold. First, we examined whether prospective memory performance discriminates healthy aging from very mild DAT and thus can serve as an early cognitive marker for the onset of the disease. In the present study, four groups of subjects afforded an examination of prospective memory changes associated in both healthy aging (young, youngold healthy 65-80 years, old-old healthy over 80 years) and in subjects in the earliest detectable stage of DAT (very mild DAT, CDR 0.5). Second, following on the recent results of Driscoll et al. (2005) , we further examined the relationship between ApoE 4 status and prospective memory in two groups of healthy older adults (young-old and old-old) and individuals with very mild DAT (CDR 0.5) to assess whether prospective memory performance can discriminate individuals at risk versus those not at risk for DAT in a clinically well-characterized sample.
1 Morris (2006) recently argued that amnestic MCI does not represent a transitional stage between healthy aging and AD but rather the designation of MCI actually represents very early stage AD. As Morris pointed out, the clinical phenotype (e.g., memory loss, impairment in instrumental activities of daily living, neuropsychiatric symptoms), the overrepresentation of the ε4 allele, and the neuropathology of MCI mirror that of mild AD. Thus, it is possible that one may use the CDR to identify AD at an earlier stage than with MCI.
Method

Subjects
A total of 76 individuals participated in this study. Sixty older subjects were recruited from the Washington University Alzheimer's Disease Research Center (ADRC). All of the ADRC subjects were originally screened for depression, hypertension, reversible dementias, and other disorders that could potentially produce cognitive impairment. The inclusionary and exclusionary criteria for DAT are consistent with the National Institute of Neurological and Communications Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria (McKhann et al., 1984) . The severity of dementia was assessed according to the CDR, in which CDR 0, 0.5, 1, 2, and 3 represent no dementia, very mild dementia, mild dementia, moderate dementia, and severe dementia, respectively. The CDR is based on a 90-min interview with both the subject and a collateral source. This interview assesses the subject and also relies on information available from the collateral source concerning the subject. This interview assesses the subjects' cognitive abilities in the areas of memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. Both the reliability of the CDR and the validation of the diagnosis (based upon autopsy) by the research team have been excellent (93% diagnostic accuracy) and well documented (e.g., Berg et al., 1998) . Of the 60 older subjects, 20 were healthy older control subjects under 80 years of age (young-old: age, M ϭ 72.5 years, SD ϭ 3.44, range ϭ 65-78 years; education, M ϭ 14.5 years, SD ϭ 2.74), 13 were healthy older control subjects over 80 years of age (old-old: age, M ϭ 86.8 years, SD ϭ 4.77, range ϭ 80 -93 years; education, M ϭ 15.0 years, SD ϭ 3.98), and 27 were classified as having very mild DAT (age, M ϭ 78.0 years, SD ϭ 7.45, range ϭ 63-92 years; education, M ϭ 14.2 years, SD ϭ 3.20). In addition to the 60 older subjects recruited from the ADRC, we also recruited 16 young individuals from the undergraduate psychology department subject pool (age, M ϭ 20.2 years, SD ϭ 1.69, range ϭ 18 -24 years).
Genotyping for the ApoE alleles (ε2, ε3, ε4) was available for the subjects from the ADRC (with the exception of 1 subject from the very mild DAT group). Subjects were grouped according to the presence (ε4ϩ) versus absence (ε4Ϫ) of an ε4 allele. Table 1 displays the number of ε4ϩ and ε4 -subjects as a function of group. There were no differences in age or education for ε4ϩ versus ε4 -subjects in any of the groups (all ps Ͼ .23). All ε4ϩ subjects in the young-old group were heterozygotes (2/4, n ϭ 1; 3/4, n ϭ 6). Likewise, the 3 ε4ϩ subjects in the old-old group were heterozygotes (2/4, n ϭ 1; 3/4, n ϭ 2). In the very mild DAT group, there were 14 subjects who were ε4ϩ heterozygotes (2/4, n ϭ 1; 3/4, n ϭ 13), and 4 who were homozygotes (i.e., 4/4). Wechsler & Stone, 1973) . The Word Fluency Test S-P (Thurstone & Thurstone, 1949) was administered, in which subjects had to name as many words as possible in a 60-s period. General intelligence was assessed with Information, Block Design, and Digit Symbol subtests of the Wechsler Adult Intelligence Scale (Wechsler, 1955) . Visual perceptual-motor performance was assessed with the Benton Copy Test (Benton, 1963) , and Parts A and B of the Trail Making Test (Armitage, 1946) . Finally, the Boston Naming Test (Goodglass & Kaplan, 1983b) , the American version of the Adult Reading Test (AMNART; Grober & Sliwinski, 1991 ) and the Animal Naming Test (Goodglass & Kaplan, 1983a) were administered as tests of semantic/lexical retrieval. As shown in Table 2 , the DAT individuals produced lower performance on these measures than did the healthy control subjects. Also, ApoE 4 status did not discriminate performance on any of the psychometric tests for any of the subject groups, with the exception of Animal Naming Test scores in the young-old control group, t(18) ϭ 2.74, p ϭ .013, for which the difference in mean performance is in the unpredicted direction (i.e., the ε4ϩ subjects show greater fluency than did the ε4 -subjects). Thus, in this sample, there is no evidence from the psychometric tests that ε4ϩ individuals were globally impaired on psychometric test performance compared with ε4Ϫ individuals.
Psychometrics
Apparatus
A PC was used to control the display of the stimuli and to collect subjects' responses. Display of all stimuli was synchronized with the vertical retrace of the monitor to control for presentation duration. The stimuli were displayed on a 14-in. video graphics array monitor.
Materials and Procedure
The prospective memory task was a general knowledge test similar to that used in Einstein et al. (1995, Experiment 3) . The test consisted of 70 questions that tapped general knowledge (e.g., "The fastest animal in the world is the . . .?"). For each question, there were two alternative answers presented on the screen. Subjects were instructed to read each question carefully and to choose the correct alternative by pressing the designated key on the keyboard. Subjects were encouraged to guess if they did not know the correct answer, and feedback was provided after answering each question.
Prior to starting the general knowledge test, subjects were told that they should look for questions about presidents of the United States while performing the general knowledge test. Whenever they saw a question concerning a president, they were instructed to press the space bar before answering the question (e.g., "The fourth president of the United States was . . .?"). Subjects were told it was important to keep these instructions in Note. Values are means (and standard deviations). ε4ϩ ϭ participants having the apolipoprotein E 4 allele; ε4Ϫ ϭ participants lacking the apolipoprotein E 4 allele; young-old ϭ participants between 65 and 80 years old; old-old ϭ participants more than 80 years old; very mild DAT ϭ participants in the earliest detectable stage of dementia of the Alzheimer's type (Clinical Dementia Rating ϭ 0.5).
mind because they would not receive them again. At this time, subjects were asked to repeat back these instructions to the experimenter to ensure that they fully understood the task. This constituted the prospective memory task. Next subjects engaged in a filler task for approximately 15 min before starting the general knowledge test. Eight critical questions that referred to presidents of the United States were embedded throughout the 70 general knowledge questions. Critical questions appeared relatively equally throughout the list (on average every 8.625 questions). Questions and alternatives were presented on the screen until subjects made a response. Subjects were given unlimited time to press the space bar in response to a president question and/or choose an alternative to the question.
Results
We present the prospective memory data as a function of subject group first to examine whether aspects of prospective memory performance discriminate healthy aging from very early stage DAT. Next, we present these same data as a function of subject group and ApoE status to determine whether the presence versus absence of the ε4 allele affects prospective memory. Finally, we present analyses on the psychometric data, comparing ε4ϩ versus ε4 -subjects within each group to examine whether prospective memory is particularly sensitive to ApoE status, relative to more general measures of cognition.
Prospective Memory Performance-Accuracy
The measure of prospective memory was the number of times (out of 8) that subjects remembered to press the space bar when a critical (i.e., president) question was presented. The mean proportion correct as a function of group is displayed in Figure 1 . As can be seen in Figure 1 , the proportion correct varied as a function of group with the young and young-old groups showing the highest prospective memory performance, followed by the old-old control subjects. The very mild DAT group clearly showed a decrement in prospective memory performance. These observations were supported by a one-way analysis of variance (ANOVA) with group as the between-subjects factor. As expected, there was a significant main effect of group, F(3, 72) ϭ 25.69, MSE ϭ 0.094, p Ͻ .001. Post hoc analyses indicated there was no significant difference in proportion correct between the young versus young-old groups, t(34) ϭ 0.85, p ϭ .40. However, there was a significant difference between the young-old versus old-old, t(31) ϭ 2.31, p ϭ .027, and between the young-old and the very mild DAT, t(45) ϭ 7.64, p Ͻ .001, groups. Finally, the comparison between the old-old versus very mild DAT group was also reliable, t(38) ϭ 3.32, p ϭ .002.
Because the critical questions were embedded throughout the general knowledge test, it is useful to examine prospective memory performance across test questions. It is possible that the subjects with very mild DAT may have had relatively accurate memory for the instructions at the beginning of the test but then have lost the intention across time as they became distracted by the general knowledge trivia-type questions. The mean proportion correct per critical question as a function of group is displayed in Figure 2 . It is clear from Figure 2 that this was not the case. In the very mild DAT group, accuracy was quite low across all eight critical questions, indicating that they did not maintain the prospective memory component across the 15-min filler task. A Group ϫ Question mixed-factor ANOVA yielded a significant main effect of group, F(2, 72) ϭ 25.96, MSE ϭ 0.74, p Ͻ .001, and a main effect of question, F(7, 504) ϭ 10.63, MSE ϭ 0.067, p Ͻ .001, indicating lower accuracy on Critical Question 7 across all the groups. This last finding is most likely due to the wording of this question (i.e., "Where is John F. Kennedy buried?") that did not include the actual word president. More important, the analysis 
General Knowledge Test-Accuracy
The mean proportion correct for the general knowledge test as a function of group is displayed in Table 3 . It appears that the old-old and very mild DAT groups' accuracy was slightly lower than that of the young and young-old groups. A one-way ANOVA indicated there was a significant effect of group, F(3, 72) ϭ 3.40, MSE ϭ 0.015, p ϭ .022. Post hoc analyses indicated that there was a significant difference in accuracy between the young-old and the very mild DAT subjects, t(45) ϭ 3.30, p ϭ .002, and a marginally significant difference between the young-old and the old-old subjects, t(31) ϭ 1.74, p ϭ .092. Also, as shown in Table 3 , the old-old group and the very mild DAT group were virtually identical on the general knowledge test (t Ͻ 1.00). The lack of a difference between the old-old and the very mild DAT group, coupled with the finding that the very mild DAT group was still lower than the old-old control group in the prospective memory task, indicates that the latter difference is not simply due to differences in difficulty on the general knowledge task.
ApoE and Prospective Memory Performance-Accuracy
The mean proportion correct as a function of group and ApoE status is displayed in Figure 3 . As can be seen in Figure 3 , the proportion correct varied as a function of ApoE status within the groups. There appears to have been no difference in prospective memory performance as a function of ApoE status in the youngold control subjects. There does, however, appear to have been a surprising difference in the old-old control subjects, wherein the ε4ϩ subjects showed better prospective memory performance than did the ε4 -subjects. In contrast to the healthy control subjects, in the very mild DAT group, the ε4ϩ subjects showed poorer performance compared with the ε4Ϫ subjects. The results of a 3 (group) ϫ 2 (ApoE status) ANOVA supported these observations. There was a significant main effect of group, F(2, 53) ϭ 22. In the old-old control group, the ε4ϩ subjects showed significantly better performance than did the ε4 -subjects, t(11) ϭ 2.32, p Ͻ .05, whereas in the very mild DAT group, the ε4ϩ subjects showed significantly worse performance than did the ε4 -subjects, t(24) ϭ Ϫ2.66, p ϭ .014. Of course, one must be cautious because of the small sample sizes when comparing the ε4ϩ versus ε4 -subjects within the groups, especially in the old-old control group, in which there were only 3 ε4ϩ subjects. We pursue this issue further in the Discussion section.
ApoE and General Knowledge Test-Accuracy
The mean proportion correct for the general knowledge test as a function of group and ApoE status is displayed in 
Discussion
The purpose of the present study was to determine whether prospective memory performance (a) discriminates healthy aging from early stage DAT and (b) varies as a function of ApoE status in both healthy aging and early stage DAT. The results are straightforward on both accounts. We first discuss prospective memory performance as an early predictor of DAT followed by a discussion of the relationship between prospective memory and ApoE status as a risk factor for DAT.
Prospective Memory Performance as an Early Predictor of DAT
Several interesting findings emerged when comparing prospective memory performance across both age and level of dementia. Note. ε4ϩ ϭ participants having the apolipoprotein E 4 allele; ε4Ϫ ϭ participants lacking the apolipoprotein E 4 allele; young-old ϭ participants between 65 and 80 years old; old-old ϭ participants more than 80 years old; very mild DAT ϭ participants in the earliest detectable stage of dementia of the Alzheimer's type (Clinical Dementia Rating ϭ 0.5). First, there was no difference in prospective memory for young subjects when compared with young-old healthy control subjects (under 80 years). At first glance this lack of an age effect may seem counterintuitive; however, this result has been reported in previous studies utilizing event-based prospective memory tasks like the one used in the present study (e.g., Einstein & McDaniel, 1990; Einstein et al., 1995) . McDaniel and Einstein (2000) have argued that older adults are often able to take advantage of the cue that is provided in event-based tasks to retrieve the intended action (e.g., the word president in the present task), unlike time-based tasks for which there is no external cue to serve as a reminder to initiate the intended action. As previously mentioned, age-related prospective memory decrements are generally greater in time-based tasks relative to event-based tasks (Einstein et al., 1995; Park et al., 1997) .
Prospective Memory Performance as a Function of Group and ApoE status
Perhaps more intriguing was the decrement in prospective memory performance as a function of advanced healthy aging. The old-old control subjects (over 80 years) had more difficulty remembering to perform the intended action than did the young-old control subjects. This is somewhat surprising given that the youngold control subjects showed similar performance to young subjects. This decrement as a function of healthy aging can potentially be interpreted as consistent with arguments regarding the loss of frontal integrity with increasing age (Dempster, 1992; Moscovitch & Winocur, 1992; Raz et al., 1997; R. L. West, 1996) . In support of this notion, Shimamura and Jurica (1994) found that a group of older control subjects (71-80 years) performed more poorly than did young-old control subjects (61-70 years) on a self-ordered pointing task that presumably taps working memory and the ability to hold information online and monitor previous responses. It is not surprising that the self-ordered pointing task has been used as a test of frontal lobe function (Petrides & Milner, 1982) in the past. Thus, there appears to be some support for an age-graded decline in the older adult range in the ability to maintain intentions or information across time. In fact, the Animal Naming Test was the only psychometric test in the present study that reliably discriminated performance between the young-old versus old-old control subjects (Table 1) . Of course, performance on this test also involves the ability to monitor previous responses online and appears to decline with increasing age. It is also interesting to note that prospective memory performance was highly correlated with Trail Making Test-Part B, which may also tap frontal functions, in the old-old control subjects (r ϭ Ϫ.72, p ϭ .009) but in not the young-old control subjects (r ϭ .004, p ϭ .98).
Finally, prospective memory performance clearly distinguished both healthy control groups from the very mild DAT group. As can be seen in Figure 1 , prospective memory is substantially deficient in the very earliest stages of detectable DAT. Only 5 of 27 very mild DAT individuals ever remembered to press the spacebar on the critical questions (compared with 9 of 13 old-old, 19 of 20 young-old, and 15 of 16 young subjects). Moreover, this decrement in performance was apparent throughout the general knowledge test. It seems unlikely that this deficit in the very mild DAT group was due to being distracted by the general knowledge test because their overall performance was not different from the old-old control subjects (.66 vs. .65, respectively) . Nonetheless, 81.5% of the very mild DAT individuals were unable to maintain the intention across the 15-min distractor task. Of course, this raises the question whether these individuals could even retrieve the prospective task instructions at the end of the task. We did query 17 of 22 of these individuals at the end of the general knowledge test. Subjects were first asked if they remembered the extra instructions they were given at the beginning of the general knowledge test. If subjects responded "no," they were further prompted by asking them if they remembered something about pressing a special key when they received a certain type of question. If subjects responded "yes" in either case, they were asked to repeat the original instructions. The results of this query indicated that 35.3% of the very mild DAT subjects remembered the instructions at the first question, and 35.3% remembered the instructions after the second prompt. Thus, 70.6% of the queried subjects did show retrospective memory for the intended action but had a clear deficit in the prospective component of the task. However, 29.4% of the DAT subjects that did not perform the intended action also did not appear to remember the instructions even after repeated prompting. Although the sample size is very small (n ϭ 5) in this last group, there was no difference in age, education, or psychometric performance for DAT subjects who did versus those who did not remember the prospective memory instructions (all ps Ͼ .11).
Although the present results clearly indicate that prospective memory performance is sensitive to the effects of early dementia, most of the psychometric tests discriminated between healthy aging and very mild DAT (see Table 1 ). It is interesting to note that the psychometric tests that provided the best discrimination between healthy aging and early stage DAT assess retrospective memory (e.g., Logical Memory and Associate Memory subscales of the WMS) and/or more attentional control processes (e.g., the WMS Mental Control subscale, Word Fluency Test S-P, Animal Naming Test, or Trail Making Test-Part B). Thus, the question arises as to whether prospective memory performance adds any additional discriminative power above and beyond the psychometric tests. In an effort to address this question, we performed a stepwise logistic regression to determine whether prospective memory performance significantly contributed to the discrimination between CDR 0 versus CDR 0.5 subjects after a composite psychometric score was entered into the regression equation (i.e., a general psychometric factor score was computed after standardizing the individual psychometric tests using a nondemented group from a previous report as a reference group; see Rubin et al., 1998, for details) . Indeed, prospective memory performance does significantly add to the discrimination of healthy aging and early stage DAT ( p ϭ .014) after the global factor score was partialed out. Two additional stepwise logistic regression analyses were performed to determine whether prospective memory performance significantly contributed to the discrimination between CDR 0 versus CDR 0.5 subjects after both memory retrieval-based (WMS Logical Memory, WMS Associate Memory, Wechsler Adult Intelligence Scale Information, and Boston Naming Test) and attentional (Forward and Backward Digit Span, Word Fluency Test S-P, and WMS Mental Control) psychometric composite scores were entered into the regression equation. Both of the attentional and memory retrieval composites and corresponding measures were based on the factor analysis work of Kanne, Balota, Storandt, McKeel, and Morris (1998) . Again, prospective memory performance added to the discrimination of healthy aging and early stage DAT (memory retrieval, p ϭ .06; attentional, p Ͻ .001). These latter findings lend support to the early argument made by Huppert and Beardsall (1993) that prospective memory may serve as a marker for early stage DAT. Although Maylor et al. (2002) reported greater retrospective memory impairment in DAT, it is again important to note that their subjects were not necessarily in the early stages of DAT (MMSE scores 17-30). The current study clearly indicates that prospective memory performance does add to the discrimination of healthy aging and early stage DAT beyond retrospective memory performance and attentional performance on standard psychometric tests. Given the importance of prospective memory to everyday living and issues of safety (e.g., taking medications) that are highly relevant to maintaining independence in the early stages of AD, it is important to better understand the prevalence and nature of the prospective memory loss in early stage DAT.
ApoE and Prospective Memory in Healthy Aging and DAT
A secondary purpose of the study was to examine the relationship between ApoE status as a risk factor for DAT and prospective memory performance. As previously mentioned, Driscoll et al. (2005) recently reported that ε4ϩ individuals showed poorer event-based prospective memory than did ε4Ϫ individuals in a sample of healthy older adults. Driscoll et al. argued that prospective memory is quite sensitive to ApoE status and thus may serve as an early marker for subsequent cognitive decline in healthy older adults. In the present study, we did not find any evidence that event-based prospective memory performance was affected by ApoE 4 status in the carefully screened young-old healthy control group, and in fact, there was a tendency for the opposite pattern in the healthy control group over 80 years of age. As previously mentioned, one possible reason for the difference is that the sample of healthy older adults in the Driscoll et al. study may have included individuals who were in the very earliest stages of DAT. This would be quite consistent with the present observation of a large decrement in prospective memory performance in the very mild DAT group. Although subjects in their study were screened for dementia on the basis of various cognitive measures (e.g., 3MS, Clock Drawing Test; Wolf-Klein, Silverstone, Levy, & Brod, 1989) and structural magnetic resonance imaging, it is still possible that some of the ε4ϩ individuals were in the presymptomatic stage of AD, as indicated by the lower 3MS scores in the ε4ϩ group noted above. Based on the results of previous studies (Morris et al., 1996; Rubin et al., 1998; Sliwinski et al., 1996 Sliwinski et al., , 2003 , even individuals who are carefully assessed longitudinally and considered to be healthy control subjects may in fact be showing subtle cognitive impairment and have brain pathology indicative of early stage DAT.
This underscores the need for sensitive and reliable behavioral measures to make the diagnosis of DAT in the earliest possible stage of the disease process. The determination of dementia and assignment of the CDR in the present study is based solely on clinical information that is obtained in a semistructured interview with the subject and collateral source, without reference to performance on standard psychometric measures (see Morris et al., 2001 , for a more complete description). The information that is derived from the collateral source is particularly useful in determining if the subject has experienced a gradual onset and progressive decline in memory and other cognitive abilities relative to the individual's previous state of functioning. In fact, Carr et al. (2000) found that informant-reported memory problems were a better predictor of the diagnosis of DAT than self-reported memory problems. Thus, unless studies with older adult samples are using well-established clinical procedures for determining cognitive status, it is difficult to know if these "control" samples truly reflect healthy aging or are contaminated with individuals in the very earliest stages of AD based on psychometric measures alone.
An intriguing result was found in the old-old control subjects related to ApoE 4 status and prospective memory. Contrary to predictions, the ε4ϩ subjects showed better performance than did the ε4 -subjects in the old-old control group. Interestingly, there is some evidence in the literature that supports this intriguing reverse relationship between age, ApoE 4 status, and cognitive performance. For example, it has been suggested that the presence of the ε4 allele as a risk factor of AD actually declines with increasing age (i.e., after age 70) and is more related to the earlier onset of DAT (Blacker et al., 1997; Breitner et al., 1999; Farrer et al., 1997;  however, see Payami et al., 1997; Riley et al., 2000) . This could potentially explain why there were so few ε4ϩ individuals (n ϭ 3) in the old-old control group. Consistent with the present results, Smith et al. (1998) reported that ε4ϩ subjects under 80 years of age showed poorer delayed recall performance than did ε4 -subjects; however, the opposite pattern held for subjects over 80 years of age. Furthermore, in a recent meta-analysis regarding ApoE status and cognition, Small et al. (2004) reported that the magnitude of the cognitive deficits associated with ε4 presence was inversely related to age. We found a similar result when we correlated prospective memory accuracy with age collapsed across both healthy control groups as a function of ApoE status. For the ε4ϩ subjects (n ϭ 11), there was a strong positive correlation between age and prospective memory performance (r ϭ .75, p ϭ .013); however, there was a negative correlation between age and prospective memory performance for the ε4Ϫ subjects (n ϭ 25; r ϭ Ϫ.42, p ϭ .044). Taken together these results might indicate that the ε4 allele loses its potency as a risk factor for AD in advanced age (e.g., over 80 years of age) as a consequence of selective survival. One might consider this reflection of an agerelated genetic test: Those individuals who remain healthy nondemented control subjects over the age of 80 have passed the genetic test, whereas those individuals who are either demented or succumbed to death as a result of age-related variables such as cardiovascular disease have failed the test.
2 Of course, the present data must be interpreted with caution given the small sample of adults over 80 who are ε4ϩ and must await further replication with larger samples of subjects.
Although the present results did not provide support for ε4ϩ-related deficits in prospective memory performance in healthy older adults, prospective memory performance was clearly affected by ε4 status in the very mild DAT group. That is, there was a prospective memory deficit in ε4ϩ individuals (n ϭ 18) with very mild DAT compared with ε4 -individuals (n ϭ 8). As previously mentioned, only 5 individuals with very mild DAT ever remembered to press the spacebar during the general knowledge test and, of interest, 4 out of 5 of these individuals were ε4 -, further suggesting that prospective memory is sensitive to ε4 status, at least in the earliest detectable stages of DAT. Again, it is especially interesting to note that there was no difference in psychometric performance for ε4ϩ versus ε4 -individuals in the very mild DAT group, despite a relatively large difference in prospective memory performance. This result is consistent with other studies in which ε4ϩ-related deficits are apparent only when experimental procedures are used that tap more subtle aspects of attention and/or memory, rather than those that tap more global measures of cognition (e.g., Greenwood et al., 2005; Rosen et al., 2002 Rosen et al., , 2004 . Moreover, these results mimic the pattern found in Driscoll et al. (2005) and may further support the possibility that that study included subjects who may have been classified at the CDR 0.5 level, if they would have undergone the CDR procedure.
In sum, the present study provides evidence that prospective memory performance is sensitive to both increasing age and the onset of very mild DAT. Thus, in addition to measures of retrospective memory that have been traditionally used for the early diagnosis of DAT, prospective memory should also be assessed as an early cognitive indicator of DAT and could alert caregivers to behavioral interventions (e.g., cues in the environment) to promote safety and independence in the earliest stages of the disease. The present study also provided evidence for the relationship between ApoE status and prospective memory, but only in the very earliest detectable forms of DAT.
